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ventricle tachycardia, and myocardial infarction. All of them were open-ended questions and students were asked to define the main pathology seen in the ECG. The correct answers were verified by two independent cardiologists with clinical experience. There was no time limit. Quantitative variables were described using means and standard deviation. Categorical variables were presented as numbers and percentages. Differences between groups were tested using the Chi-square test and the Fisher's exact test for dichotomous variables and one-way ANOVA with post hoc Tukey test (for normal distribution with equal variance between groups) or the Kruskal-Wallis test (for non-normally distributed data) were applied for quantitative variables. The level of statistical significance was set at p < 0.05. Multivariate logistic regression analysis with stepwise method was performed to find independent predictors of the level of knowledge of ECG interpretation. All collected characteristics were tested. Results were presented as odds ratios (OR) with 95% confidence intervals (CI). All analyses were carried out using Statistica, version 12 (StatSoft, Inc., Tulsa, OK, USA).
Results
The survey obtained 551 completed questionnaires. The study group consisted of 283 (51.4%) female and 268 (48.6%) male participants. The results of the questionnaires are presented in Table 1 . The group of Polish medical students, as the largest group, was chosen to analyse factors determining ECG knowledge. Students in their 4 th -6 th year did significantly better than those in their 1 st -3 rd year (overall score: 51% vs. 31%, p = 0.001, LTS: 41% vs. 25%, p = 0.001). Students who self-evaluated their skills with a score ≥ 5/10 scored better than those with < 5/10. Students who had learned about ECG for more than one year had a better overall score than the rest (50% vs. 38%, p = 0.001). In addition, students who had learned about ECG by themselves did better than the others (overall score: 49% vs. 37%; LTS: 40% vs. 30%, p = 0.001). On the other
Introduction
An electrocardiogram (ECG) is one of the most important diagnostic tests in medicine. It is used to detect abnormal heart rhythms and discover cardiac abnormalities causing chest pain [1, 2] . Its significance is underlined by the fact that ECG is performed on almost every patient admitted to an Emergency Department. Thus, students of all medical studies, including those of nursing and emergency medicine, should possess proper skills in interpreting ECG. Therefore, we aimed to assess the ECG interpretative skills of students of medicine (Polish and English Divisions), nursing, and emergency medicine.
Materials and methods
A self-prepared internet survey was designed to evaluate and compare competence in interpreting ECG among different groups. Participation in the study was voluntary, confidential and anonymous. The study was approved by the institutional ethics board. The survey was conducted among students at all 14 medical universities in Poland, and data was collected between January and April 2017. The survey consisted of three parts:
Part I -general information about participants: gender, field of study, name of university, year of study. The next nine closed questions focused on the history of ECG learning and an interest in cardiology. Participants also assessed their own ECG interpretation skills on a scale of 1-10 and were asked to evaluate the education level of ECG interpretation at their universities;
Part II -basics of ECG. This part consisted of three questions on basic ECG parameters. Based on three different ECG records, students were asked to define heart rate, the axis of the heart, and leading heart rhythm. In each question 4-5 answer options were given; Part III -ECG cases. Seventeen ECGs with different pathologies were presented. Six of them were life-threatening scenarios (LTS): asystole, ventricle fibrillation, 
Discussion
Our results suggest that ECG interpretation among Polish medical students is unsatisfactory in all of the examined fields of study. Poor results were noticeable especially when confronted with LTS. However, many modifiable factors could improve ECG knowledge among students. Poor results have also been shown in similar studies conducted in Poland. Kopeć et al. reported an average percentage of correct answers of 66% [3] . In the study by Pudło et al. this percentage varied from 45.5% to 62% [4] . In our study these results were even worse. We believe that this may be related to the presence of open-ended questions in our questionnaire. In our study, the overall score for emergency medicine students was worse than for medical students, but they scored similarly when it comes to LTS. This is important, because paramedics are trained specially to recognise emergency situations [5] . The results of nursing students were the worst of all the groups. In Poland, nursing students are not required to be able to interpret ECG [6] . In other countries, ECG interpretative skills are poor and need to be improved, not only for students, but also for graduated doctors, paramedics and nurses [7] [8] [9] . Ours is the first study to have analysed the ECG knowledge of foreign medical students studying in Poland. We have shown that the ECG knowledge of such students is similar to that of Polish students of medicine, although their classes are in a different language. Unsurprisingly, older and more experienced students had better ECG interpretative skills than their younger counterparts. This relationship has been reported not only for students [3, 4] but also for residents [10, 11] by previous studies. Higher self-evaluation of ECG skills was a factor determining a better score in our questionnaire. Our study showed that most students had learned ECG on their own. Interestingly, only medical students preferred this mode of education, which resulted in them having a better score compared to students who had learned ECG only during classes. Self-learning has also been found to be a factor leading to improved ECG knowledge in other Polish studies [3, 4] . Students who were interested in cardiology had better results than the others. Most of the students from all groups declared that there had not been enough ECG activities during their studies. These results suggest that there is a need to improve not only the quality, but also the quantity, of ECG classes.
Limitations of the study
The most important limitation of our study was that the questionnaire was anonymous and that only volunteers participated. Furthermore, there were no time limits for completing the questionnaire, so participants were able to consult the internet or books about ECG.
Conclusions
Polish medical students possess insufficient knowledge regarding ECG interpretation, especially when interpreting ECG in life-threatening scenarios. Many factors, some of which could be modified, influence the level of ECG knowledge among students.
